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The object of this study was to make a  complete survey of lymph 
nodes by the supravital technique.  The method applied to the bono 
marrow,  connective tissues,  and  blood has  yielded information of  a 
new  sort.  There is  no record in  the  literature of its  application  to 
all of the lymph nodes of the body and  a  corrdation of the findings 
with the histology of fixed tissues. 
Cunningham,  Sabin,  and  Doan  (1)  studied  the mesenteric lymph nodes of 
rabbits by means of punctures of these tissues and the withdrawal  of cells.  In 
their studies of living ceils so obtained, they found over 90 per cent of the ceils to 
be of the lymphocytic series.  The other 10 per cent were made up of a few clas- 
matocytes, a few polymorphonudear  leucocytes, and an occasional myelocyte.  In 
no experiment in which blood vessels were not ruptured by the punctures did they 
find any typica/monocytes. 
NIcJunkin  (2) was the first to study the peripheral lymph nodes by means of the 
supravital technique.  He reported studies on inguinal,  iliac, and axiUary lymph 
nodes of rabbits.  In  these tissues  he found great numbers of "rosette cells." 
These ceils, he believed,  arose  from the "reticular lymph vessd endothelium." 
From observations of these three groups of lymph nodes, he drew the conclusion 
that lymph nodes in genera/contain monocytes  in abundance. 
Jordan (3) studied fixed sections of lymph nodes of four rabbits.  He states 
that a description  of the cervical group may suffice as applying also to modified 
nodes of the abdominal group.  He noted no differences in the types of ceils found 
in the mesenteric and superficial nodes.  He believes that the lymph nodes are a 
source of proliferation of red blood cells by a process of conversion of lymphocytes 
into erythrocytes. 
NIaximow (4) stated that two varieties of cells must be distinguished  among the 
reticular stroma of lymphoid tissue.  The first are the reticular ceUs--large stel- 
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late or sp'mdle-shaped elements, with more or less abundant protoplasm and oval, 
pale nuclei containing little chromatin.  These, he believes, are the f~xed histio- 
cytes and belong to that group of cells scattered all over the body and represented 
in the common connective tissues  by the macrophages or clasmatocytes.  The 
other cells  form a  reticular  syncyfium, sheathing  the  reticulin  fibers.  Their 
nuclei are pale and inconspicuous, and they have a small amount of protoplasm. 
They do not phagocytize and do not store vital dyes.  These elements keep their 
mesenchymal prospective potencies and may form lymphocytes or histiocytes. 
In the meshes of the reticulum free macrophages and lymphocytes were found. 
Weidenreich, alone (5) and with Downey (6), made detailed studies of the germ 
centers.  They found that even under physiological  conditions there was extra- 
ordinary variation in the number of cells, the degree of basophilia,  and relative 
volumes of nuclei and cytoplasm.  These authors drew the conclusion that there is 
no special germ center cell, but that the cells of this region in the active phase con- 
sist essentially and almost exclusively of intermediate lymphocytes, among which 
may be scattered small lymphocytes and large lymphocytes.  There  are  a few 
scattered, pale, oval nuclei between the lymphocytes which probably belong to the 
reticular syncyfium.  Along  the  capillaries  of  the germ  centers,  macrophages 
containing phagocytized material may be seen.  In the resting phase the  germ 
center is small and consists  almost exclusively of small lymphocytes, with a few 
reticular nuclei of the reticular syncytium. 
Materials and Methods. 
In the work reported here, surveys of the lymph nodes have been 
made on 58 rabbits.  Fourteen of these were normal animals  taken 
directly from stock.  The remaining material was  derived from the 
routine autopsies of animals which had been subjected to various ex- 
periments in this laboratory.  In these latter cases there was no ap- 
parent abnormality in the lymph nodes.  Certain pathological states 
were studied, but  the  results  of the  observations are not reported in 
this  communication.  Most  of these  surveys  have  included  studies 
of all of the lymph nodes of the body, whereas in some of the animals, 
selected nodes have been studied. 
The groups of lymph nodes observed were as follows: popliteal,  inguinal,  iliac 
(flank), superficial axillary, deep axiUary, superficial cervical, deep cervical, media- 
stinal,  mesenteric (large mass), isolated mesenteric,  and retroperitoneal.  Peyer's 
patches, the thymus, and spleen were also studied.  The nodes were dissected out 
from the living, anesthetized animal, or from rabbits immediately following death 
produced by the intravenous injection of from 10 to 20 cc. of air.  It is important 
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within a few minutes of the death of the animal, or soon after removal from the 
body.  Monocytes are usually the first cells to show  evidence  of degeneration 
and death, whereas clasmatocytes appear to survive for hours. 
Scrapings were made from the cut surfaces of the nodes.  There was usually 
su/ficient fluid present in the lymph nodes themselves to suspend the cells obtained 
in the scraping.  Supravital preparations  were made by placing  a  small drop of 
the fluid from the scraping on a slide covered with a dried film of dye.  A cover- 
slip was immediately inverted, and the preparation was rimmed with vaseline and 
studied.  The technique of making supravital preparations has been used by Rosin 
and Bibergeil (7, 8), Pappenhelm (9), Cowdry (10), Simpson (11), Sabin (12), and 
others.  The most extensive studies with this method have been carried out by 
Sabin and her pupils.  The method has been described many times by the above 
authors and need not be repeated here in detail.  The dyes used for these studies 
were neutral red alone or a combination  of neutral red and Janus green.  The 
neutral red stains cytoplasmic  structures,  such as specific granules,  segregation 
granules or vacuoles, and phagocytized material.  Janus green in dilute concentra- 
tion is a specific stain for mitochondria. 
Description of Cells. 
Before giving a  description of the difference in cytology of each of 
the specific groups of lymph nodes, there will be described all of the 
types of cells which were encountered in a complete survey of lymphoid 
tissue in the normal rabbit. 
The element most commonly encountered in scrapings of all lymph 
nodes is the small lymphoid cell (Fig.  1).  In additioii there  are in- 
termedlate and large lymphoid elements, monocytes, epithelioid cells, 
giant multinucleated cells with rosettes, histogenous basophils  (mast 
cells), eosinophilic myelocytes, or perhaps more properly histogenous 
eosinophils,  and  clasmatocytes  or  macrophages.  There  also  occur 
giant  cells,  with  one  or  more  nuclei  and  containing  large,  refrac- 
tive, even sized, unstained granules, giant ceils with one or more nu- 
clei  and  containing uneven,  refractive bodies  together with peculiar 
sickle-shaped  or  fusiform  structures,  filling  the  entire  cytoplasm, 
large cells containing in their  cytoplasm  bodies appearing like blood 
platelets,  endothelial  cells,  primitive  cells,  and  fibroblasts.  Refer- 
ence to Table I will give at a glance the essential characters and stain- 
ing reactions of these cell types. TABLE 
Description of Living  Cells Found in Lympk 
Figures 
Approximate 
size 
Nucleus 
:hromatin 
Cytoplasm 
Specific granules 
Segregation  vac- 
uoles  or 
granules 
Mitochondria 
(stain delicately 
green with 
Janus green) 
Phagocytic 
properties 
Where found 
Small  lymphoid 
cell 
6-9~ 
Round  or  oval. 
Large  in  pro- 
portion  to  cy- 
toplasm 
;catterod  coarse 
masses 
Small in amount. 
Ectoplasm 
clear and often 
delicate  yellow 
shade.  Endo- 
plasm contains 
mltochondrla 
None 
None  to  a few 
Abundant  and 
always  perinu- 
clear  in  endo- 
plasm.  Usually 
round and fair- 
ly large  in 
SI/ght ff any 
In all  lymphoid 
tissue 
Intermediate 
lymphoid cell 
!Round, oval, or 
irregular 
:Scattered  coarse 
' maFd~s 
Larger  amount 
but same type 
as  small  lym- 
phocyte 
None 
None to a few 
Same as in 
small lympho- 
cyte 
Slight ff any 
In superficial 
and deep 
lymph  nodes 
and spleen. 
Abundant in 
mesenteric 
nodes 
Large lymphoid 
cell 
12-I$u 
Round, oval, or 
indented 
Scattered coarse 
Large  amount. 
Same  charac- 
teristics  as 
small lympho- 
cyte 
None 
None to a few 
Same  as in 
small lympho- 
cyte 
Slight if any 
In  superficial 
and  deep 
lymph  nodes 
and  spleen. 
More  numer- 
ous in mesen- 
teric  nodes 
Monocyte 
("rosette cell") 
3,4,5,6 
12-30~ 
Oval  usually. 
Round  or  in- 
dented. Larger 
than  lympho- 
cyte  nucleus 
Diffuse  reticu- 
lar network 
Hazy.  Groun6 
glass-llke 
None 
Few  to  many 
very  small, 
brick-red,  non. 
refractive 
granules  a[ 
grouped  in  , 
rosette  about] 
the centro- 
sphere 
Abundant.  very 
small rods, 
dots,  and fila- 
ments  scat- 
tered  in  cyto- 
plasm  around 
the rosette 
Moderately 
phagocytic 
Abundant in 
peripheral 
nodes.  Absent, 
in  mesenteric 
mass of lymph 
nodes, thymus~ 
and spleen 
EpitheHoid cell 
12-30~ 
One  or  more, 
Oval  or  in- 
dented 
Diffuse,  reticu- 
lar network 
Hazy.  Ground 
glass-llke 
None 
Exceedingly 
many granules 
of  same  type 
as  those  in 
monocyte and 
in  giant  eel] 
with rosette 
Not easily dem- 
onstrated  be- 
cause  of  pre- 
ponderance  of 
red granules 
Slight 
Never in mesen- 
teric mass, 
thymus, or 
spleen.  Often 
in peripheral 
nodes 
3iunt  multinu- 
cleated  cell 
with rosette 
15-35# 
2-8 or more nu- 
clei  around 
cen  trospbere 
Diffuse,  reticu- 
lar network 
!Hazy.  Ground 
glass-like 
None 
Few to many 
small, brick- 
red, non-re- 
fractive  gran- 
ules grouped in 
a rosette about 
the centrc~ 
sphere 
Abundant and 
of  same  type 
as in monocyte 
S~ght 
Never  in mesen- 
terlc  mass, 
thymus, or 
spleen.  Often 
present in 
peripheral 
nodes 
Hlstogeno~m 
: eosinophll 
(eosinophillc 
myelocyte) 
10-1s~ 
Round  or  in- 
dented 
Scattered  small 
~sses 
Clear  except 
for  specific 
granules 
Few  to  many 
yellow,  large, 
refractive 
granules 
None 
May  be  found 
in  clear  cyto- 
p]asmlc  arese 
None 
Often almu- 
dant  in  tho- 
racic nodes. 
Few in mesou. 
terics.  Fair 
number in pe- 
ripheral nodes. 
Rare  in  thy- 
mus 
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Nodes.  Stained Supra~itally  with Neutral Red. 
His  togenous 
basophil  (mast 
cell) 
Clasmatocyte 
Small,  central, 
round,  partial- 
ly obscured  by 
granules 
;lant cell  with Giant cell  with Large cell  con-  Endothelial 
(macrophage)  one  or  more 
nuclei  with 
large~  even 
sized,  refrac- 
tive,  cyto- 
plasmic  gran- 
ules 
one  or  more 
'nuclei  and 
, cytoplasmic, 
fusiform  bod- 
ies  together 
with  refrac- 
tive  granules 
Utlnmg  plate- 
let-llke  bodies 
in  cytoplasm 
celB 
Primifivece~s  Fibroblasts 
7  10  11  12 
12-209  12-309  15-359  15-509  15-509  10-20t~  10-159  12-20/t 
Elongated  IMarked 
variation 
~)val  Round  or  oval Oval  or  round 
Scattered.  Oftec 
difficult to see 
Ovalusually. 
May  be  round 
Filled with gran- 
ules 
One  or  more 
oval  or  in- 
dented 
Usually diffuse. 
Often no  defi- 
nite pattern 
Filled  with 
granules 
The granules ol 
vacuoles  arc 
probably  de. 
generative 
phenomena 
fn a few of these 
cells  granules 
similar to 
those  in  epi- 
theliold cell 
Not seen 
Probably not 
very  phago- 
cytic 
Found  chiefly  in 
peripheral 
nodes  in small 
numbers 
Filled  with  re- 
fractive, round, 
intermediate, 
even sized 
granules 
Usually  eccen- 
tric  and parti- 
ally obscured. 
One  or  more 
nuclei.  Oval 
or  round 
Scattered, small 
masses 
Filled  with 
granules  and 
fusiform bodie~ 
Nature of these 
granules  and 
bodies  un- 
known 
Some large and 
small vacuoles 
may  be  pres- 
ent as in clas- 
matocyte 
Not  seen 
Probably mark- 
edly  phago- 
cytic 
Never in mesen- 
terics.  Often 
in  poplitcals, 
inguinals, and 
cervicals 
None 
Round or oval. 
One  or  more[ 
nuclei 
Scattered,  small 
masses 
Filled>  with 
platelet-llke 
bodies 
This cell is prob- 
ably a clasmat- 
ocyte with in- 
gested  plate- 
lets 
None seen 
Not  seen 
Probably mark- 
edly phago- 
cytic 
Rare.  Found 
occasionally  in 
mesenterics 
Not seen 
Diffuse,  reticu- 
lar network 
!Often  hazy. 
May  be  clear 
None 
May  have few 
non-refmctivet 
brown or  yel-[ 
low  granules 
May  be  seen 
scattered 
in  cytoplasm 
Moderately 
phagocytic 
Found  in  all  l 
lymph nodes 
Very indistinct. 
Not splotchy 
Clear and glas- 
sy.  Slight 
yellow  tinge 
None 
None 
Not seen 
None 
All lymph 
nodes,  spleen~ 
thymus 
Diffuse  reticu- 
lar network 
Hazy 
None 
Occasionally  a 
few small,  dif- 
fusely  scat- 
tered,  ncumd 
red granules 
Few  small fila- 
mentous bodies 
Little ff any 
All  organs  as 
units in struc- 
tural  frame- 
work 
Diffuse  reticular 
network 
Filled  with  vac- 
uoles 
None 
Filled with  un-~ 
even,  red, 
brown, and yel-  I 
low  vacuoles 
varying  mark- 
ed]y  in size 
Few can be seen 
in  a  clear ares 
of  cytoplasm  il 
this  can  be 
found 
Abundant  in 
mesenteric 
nodes and 
spleen.  Few in 
all  lymphoid 
tissue 
None  Marked 
Few in all lymph 
nodes 
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The Lymphocyte. 
The living lymphocytes, small, intermediate,  and large,  have been 
adequately described and illustrated in the papers of Simpson (11, 13), 
Sabin (12), and Cunningham,  Sabin, and Doan (1). 
The only point which can be added to the description of these cells is the presence 
of a definite ectoplasm and endoplasm in the cytoplasm of the lymphoid cells in the 
lymph nodes.  This characteristic cannot always be seen, but it is likely that it is 
always present.  Usually a definite demarcation can be noted in the nature  of a 
delicate boundary (Fig. 2).  The endoplasm is less clear than the ectoplasm, and in 
films of cells stained with neutral red and Janus green  the ectoplasm has a  very 
faint,  barely distinguishable,  yellow tint.  There  are no neutral  red bodies or 
mitochondria in  the  ectoplasm.  These structures  are  within  the  endoplasmic 
boundary.  The endoplasm may be very narrow, in which case the mitochondria 
are very near the nucleus,  or it may be wide, occupying the major portion of the 
cytoplasm.  It is more common to find  the  ectoplasm  and  endoplasm of the 
lymphoid cells about evenly divided. 
The. M onocyte. 
The  cell which  has  been of particular  interest  in  this  study  is the 
monocyte which, as Sabin (12)  has shown, is usually characterized by 
a  rosette  of  neutral  red  bodies in  the  cytoplasm.  We have consist- 
ently  found  it  in the  parenchyma  of  the  peripheral  lymph  nodes, 
and it has been consistently absent in the mesenteric mass of lymph 
nodes,  in  the  thymus,  and  in  the  spleen.  Occasionally  one  finds  a 
few monocytes in these latter organs, but it is probable that they are 
cells which have wandered in from the blood and are not parenchymal 
cells. 
With neutral red the rosette cells stain handsomely (Figs. 3 to 6).  They are 
usually large, often occupying  three  to five times as large an area as the small 
lymphocyte.  The nucleus is large, about twice the size of a small lymphocyte. 
There is a sharp nuclear membrane.  The nucleus is usually oval or round, but may 
be indented.  The chromatin is more scattered and diffuse than in the lymphocyte, 
forming a reticular network.  The cytoplasm may be rounded up, but more often 
it has an irregular border with delicate,  short prolongations into the spaces about 
the cell.  The cytoplasmic border is so delicate that it is frequently difficult to see. 
Within the cytoplasm one finds usually two types of structures, neutral red bodies 
and mitochondria. 
The great majority of these  rosette cells have exceedingly  fine granules  which 
barely can be distinguished  from one another.  These neutral red bodies (segrega- CLAUDE  E.  ~ORKNER  329 
tion granules) are grouped about a centrosphere often in the center of the cell, or in 
the bay of the nucleus.  Sometimes this group of granules laps over the inner border 
of the nucleus, obscuring a portion of the nuclear membrane (Fig. 5).  The number 
and qualityof these neutralredbodies vary markedly.  Some cells have no reaction 
to the dyes whatever, but present all of the other histological characteristics of the 
monocyte.  It is conceivable that these are young cells  which have not reached 
sufficient maturity for the elaboration of a rosette.  Others have a single ring of 
the  segregation granules  about  the  centrosphere  (Fig.  3),  while  some have so 
many granules and so large a rosette that they resemble the so called epithelioid 
cells  (Fig. 9).  Occasionally one finds the entire cytoplasm packed full of these 
bodies.  These segregation bodies stain in exactly the same manner  as do the 
granules of the monoeytes of the blood, a brownish red or brick-red color.  These 
bodies are non-refractive.  Some of the cells have larger, more discrete  granules 
which are a little more refractive and a little less basophilic, that is, staining slightly 
more yellow (Fig. 6).  All intermediate transitions of these  granules can be seen. 
The mitochondria appear as delicate dots and short, thin rods, which is in contrast 
to the appearance of the larger and stouter Altmann bodies of the lymphocytes. 
They stain a delicate bluish green with the Janus green, and are scattered in the 
cytoplasm, most of them being located near the periphery of the neutral red rosette 
(Fig.  4).  These  developing monocytes  (rosette  cells)  are most often found in 
clumps of several cells (Fig. 13) in various stages of development, some containing a 
large rosette and one or more nuclei and others, supposedly younger cells, containing 
no rosette at all or a very small one. 
Some, but not all of these monocytes of the lymph nodes are identical with those 
normally found in the blood.  The size of the cells is, on the whole, about the same, 
or slightly larger than those of the blood.  The nucleus is of the same type.  A 
neutral red rosette is present in both types of cells,  but the arrangement of the 
granules about the centrosphere is a  more exact and constant feature in the mono- 
cyte of the lymph node.  The cells in the lymph node do not appear to be actively 
motile.  It seems reasonable to believe that were they transformed  into  motile 
cells, as occurs when they become more mature, the arrangement of the granules in 
the rosette might well be less exact in their position about the centrosphere, making 
these cells indistinguishable from the monocytes of the blood stream.  There is an 
analogy here with the story, as we know it, of the development of the polymor- 
phonuclear leucocyte.  In the bone marrow the myelocytes are non-motile and 
usually have the specific  granules grouped in a  rosette  about  the centrosphere. 
However, when  the myelocyte  develops into  a  motile  leucocyte, the rosette  is 
seldom preserved.  The mitochondria of the monocytes of the lymph nodes and of 
the blood are identical in appearance.  The monocytes of  the peripheral lymph 
nodes are oxidase-negative,  as are  the  majority of the monocytes of the blood 
of the rabbit. 
The Epithelioid Cell. 
The peripheral  nodes of some animals show cells presumably of the 
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mature monocyte, with a considerable overdevelopment of the neutral 
red rosette, giving the typical picture of the so called epithelioid cell 
(Fig. 9).  In other respects these cells are identical with the mono- 
cyte.  Cunningham, Sabin, Sugiyama, and Kindwall (14) have shown, 
in  experiments  with  the  tubercle  bacillus,  that  monocytes may be 
stimulated to  metamorphose into  typical epithelioid  cells  and giant 
cells of the Langhans type. 
Ca'ant Multinucleated Cell with Rosette. 
Just  as  it  was  found that  some  cells  tended  to  have  an  overde- 
velopment of cytoplasmic structures, it  was  also  true that in other 
cells the nucleus tended to be multiple.  It is not uncommon to find 
certain of these monocytes with two or  more separate, oval nuclei, 
arranged around a single neutral red rosette (Fig. 8).  Except for the 
increased size and the increased number of nuclei, this cell was in all 
respects  similar  to  the  monocyte.  These  three  types  of  cells,  the 
monocyte, epithelioid cell,  and multinucleated giant cell with rosette 
were often found side by side in dumps.  These ceils are undoubtedly 
closely related. 
Histogenous  Eosinophil. 
Among the cells of the normal lymph nodes of the rabbit, one fre- 
quently finds eosinophils with a  single or  a  lobulated nucleus,  and 
coarse, refractive, eosinophilic granules. 
These cells usually, but not always, are in dumps.  They may be in the lymph 
cords or on the margins  of the lymph follicle.  More  rarely one finds them in the 
center of a lymph follicle, tending to crowd out the lymphoid elements.  These 
cells are usually more numerous in the  mediastlnal lymph nodes, but may be 
present in considerable numbers in any of the peripheral nodes.  There  was one 
case in which the eosinophfls  were the most conspicuous  cells in the whole node. 
Whether these cells wandered here from the blood stream, or whether they  are 
fi~ed tissue cells is difficult  to answer.  The fact that they are often mononuclear 
and present the appearance of eosinophillc myelocytes leads one to belleve that 
they are  probably  true histogenous elements, comparable to the histogenous 
basophils. 
Histogenous  13asophils. 
Another cell which is quite commonly found in lymph nodes of man 
(Forkner (15))  is also present in all of the lymph nodes of the rabbit. CLAUDE  E. I~0RKNER  331 
The  histogenous  basophil  or mast  cell occurs sometimes  alone  and 
often in groups of two or three cells.  It is similar in all respects to 
the mast ceU of the general connective tissues.  The  cell is large in 
size  and  often  somewhat  irregular  in shape,  with  rounded  borders. 
The nucleus is relatively small and tends to be obscured by the large 
number of moderate sized refractive basopkilic granules which fall the 
entire  cytoplasm.  These  specific granules  of the  mast  cell  stain  a 
brilliant red with the neutral red dye. 
The Clasmatocyte. 
These  cells,  vari6usly  termed  macrophages,  histiocytes,  pyroll 
cells,  and  so forth,  have long  been known  to occupy an  important 
place in the histology of lymph nodes. 
They are much more numerous in the mesenteric lymph nodes than in any other 
group.  Here they occur lining the lymph sinuses and sometimes filling almost 
the entire space occupied by the lymph cords (Fig. 16).  They are usually filled 
with coarsely granular d6bris.  These cells are fragile, and in fresh scrapings most 
of them ark ruptured, liberating a very large amount of free, granular d6bris.  In 
those ceils which are not ruptured, the dfbris is scattered throughout the cytoplasm 
and when stained is variously colored with shades of yellow, red, and brown (Fig. 
7).  The d6bris also varies markedly in regard to the size of the vacuoles and 
granules from very minute  bodies to structures  the size of red blood cells, or 
larger.  In fact, it is not uncommon to find red blood cells themselves engulfed in 
the cytoplasm.  Excellent descriptions and illustrations  of clasmatocytes stained 
with neutral red and Janus green have been given by Simpson (13), Sabin, Doan, 
and Curmingham (16), and others. 
Giant Cell witk Even Sized, Large, Refractive Granules. 
In an earlier communication, Forkner (15) described a cell found in 
both normal and pathologic human lymph nodes, which was conspicu- 
ous by the presence of one or more nuclei and large, refractive granules 
which  were  considerably larger  than  the  specific  granules  of  poly- 
morphonuclear eosinophilic leucocytes, and which did not stain  with 
vital dyes.  It was found by Forkner  (15)  that  they occurred com- 
monly in  human  tuberculous nodes.  The  present  survey of rabbit 
lymph nodes has revealed the same cell in supravital preparations, but 
we have been unable to identify it in the fixed tissues.  Study of these 
cells has seemed to indicate  quite clearly that  they are forms of the 332  MATERIAL  FROM  LYMPH  NODES.  IV 
monocytes and epithelioid cells and that the refractive granules prob- 
ably represent  degenerative changes.  In some instances monocytes 
and  epithelioid  cells  were  found  with  varying  numbers  of  these 
granules, and at the  same time they  retained  traces  of  the  neutral 
red rosettes.  These cells are never numerous. 
Giant Cell Containing Cytoplasmic Rods and Fusiform t~odies. 
These  cells,  so  far  as  I  know, have  never been  described.  They 
have been found in these studies in a fairly large proportion of rabbits, 
always in  the  peripheral  lymph nodes  and  never  in  the mesenteric 
mass of lymphoid tissue. 
The cells vary tremendously  in size, some of them being as large as the ordinary 
clasmatocyte and others occupying an entire field of the oil immersion lens (Fig. 10). 
They are usually in clumps  (Fig.  14), but occasionally an isolated cell is seen. 
The relatively small, oval, or round nuclei may be numerous and are crowded to an 
eccentric  position  by the  cytoplasmic  structures.  The  chromatin is  diffusely 
scattered.  One finds two types of bodies in the cytoplasm.  The predominating 
structures are irregular, fairly even sized, poorly refractive granules which usually 
do not take the dye but may stain a light yellow or brown.  These granules fill the 
cell to capacity, crowding the nucleus to one side and causing the cytoplasmic 
borders to be rounded.  Among these granules are found varying numbers of long, 
refractive bodies, scattered indiscriminately in the cytoplasm.  These bodies are 
often curved.  They usually appear to be smaller at the ends thma in the center, 
presenting a fusiform effect.  They are about 5 microns in length and from 0.2 to 
0.5 micron in diameter. 
The  origin  and significance of these  cells and  their inclusions are 
not known.  At first it was thought that the elongated fusiform bodies 
might be bacteria.  However, the absence of these bodies in other cells, 
the absence of a polymorphonuclear infiltration, and of other signs of 
infection  speak  against  this  view.  Further  work  is  necessary  to 
solve the problem definitely.  They may be clasmatocytes, but if so, 
they are of a  different type from the usual macrophage found in the 
connective tissues generally and in the same lymph nodes.  If they 
are to be called macrophages, they must obey the laws of macrophages 
with respect to the storing of vital dyes.  This test devised by Evans 
and Scott  (17)  for connective tissue cells has not yet been tried with 
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Large Cell Containing in the Cytoplasm Bodies Resembling the Platdet~ 
of the Blood. 
There is yet another cell which is described with certain reservations, 
because  it  has  been  observed in  the  mesenteric  nodes  of  only  one 
animal. 
The cells vary considerably in size and shape, and in these respects resemble the 
clasmatocytes.  The nucleus is usually relatively small and is rounded.  In the 
larger cells there may be several nuclei which are near the border of the cell.  The 
points which distinguish  this cell from that described in the section immediately 
preceding are the absence of the fusiform bodies and the presence of irregular, 
somewhat larger, granular structures in the cytoplasm (Fig. 11).  These granular 
bodies are discrete and contain small stained bodies within their boundaries.  They 
bear a  striking resemblance  to the platelets of the peripheral blood and  may 
actually be these structures.  In the cells where these cytoplasmic inclusions  are 
more numerous and crowded together, they lose their identity, and it is difficult to 
separate the individual particles.  They stain very little with neutral red and 
only the granules in the platelet-like bodies take the dye. 
Endothelial Cells. 
It is not uncommon to find ordinary endothelial cells in scrapings 
of lymph nodes.  These come from the endothelium of the blood and 
lymph  vessels.  They  are  elongated  cells  with  a  centrally  placed 
oval nucleus.  They may have a few neutral red cytoplasmic granules 
or may remain unstained. 
Primitive Cells. 
These cells are the most difficult to identify of all the cells found in 
lymphoid tissue.  The ceils with which they are likely to be confused 
are  small,  intermediate,  and  large  lymphocytes.  They  differ  from 
these cells, however, in their minute cytoplasmic and nuclear structure. 
Their size corresponds to that of the intermediate and large lympbocytes (Fig. 
12).  Their cytoplasm stains with neutral red to give it a very light yellowish 
tinge and corresponds very closely  to  the ectoplasm of the lymphocyte.  No 
endoplasm and no cytoplasmic structures can be identified.  In other words, this 
cell has not yet reached the stage of differentiation with the elaboration of cyto- 
plasmic granules.  The nucleus is likewise undifferentiated.  It is usually smaller 
than the nucleus of lymphocytes of corresponding size.  The nucleus almost inva- 
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shade than the rest of the nucleus.  The chromatin of  the nucleus is diffuse. 
There are no clumps or aggregations  of chromatin material, which distinguishes 
this cell sharply from the lymphocyte.  This characteristic also makes the nucleus 
difficult to distinguish from the cytoplasm for they have almost the same refractive 
power. 
These cells were described by Cunningham, Sabin, and Doan (1) in bone marrow 
which had been reduced to a relatively aplastic condition.  They have also been 
described and illustrated by Kubie (19).  He found them along the blood vessels 
of the brain just outside the endothelial cells.  They can be found in considerable 
numbers in the normal omentum of the rabbit. 
Fibroblasts. 
Fibroblasts are frequently found in scrapings of lymph nodes.  They 
are part of the structural framework of the nodes. 
They are usually elongated, spindle-shaped  cells with an oval or round nucleus. 
The cytoplasm is often irregular, particularly at the ends of the cell.  Neutral red 
and ]anus green do not stain them well.  Occasionally a few very small, scattered 
neutral red bodies and delicate, bluish green mitochondria can be made out.  They 
are much fewer in number than the lymphoid cells.  An illustration of the fibro- 
blast stained supravitally with neutral red and Janus green is found in a paper by 
Sabin and Doan (t8). 
Distribution of Cells in Lymphoid Orgar~s. 
The various groups of lymph nodes studied, and the relative num- 
bers of the types of cells found in them are recorded in Table II. 
From study of this table, several facts are revealed: 
1.  The  small  lymphoid  cell  is  the  predominating  element  in  all 
lymphoid tissue. 
2.  Intermediate  and  large  lymphoid  cells  are  found  in  greater 
numbers in the mesenteric lymph nodes and in those draining the vis- 
cera and deeper structures of the body. 
3.  Monocytes of the type described in this paper are most abundant 
in  the  superficial  lymph  nodes,  particularly  in  the  popliteal  group, 
and  are  completely absent in the mesenteric lymphoid mass,  in  the 
thymus,  in  Peyer's patches,  and possibly in  the  scattered lymphoid 
tissue of the lung and bone marrow. 
4.  The  epithelioid  cells,  giant  cells  with  rosettes,  and  giant  cells 
with  refractive granules  occur only in  those  lymph  nodes  in which 
monocytes are found. CLAUDE E.  leORKNER  335 
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5.  Clasmatocytes are present in all lymph nodes but are much more 
abundant in the mesenteric mass, in the spleen,  and in the Peyer's 
patches. 
6.  The so called giant cells with fusiform bodies are  only found in 
the superficial nodes and spleen. 
7.  Giant  cells  containing platelet-like bodies have been  observed 
only in the mesenteric nodes. 
8.  Developing red blood cells are not found in the lymphoid tissue 
of the normal rabbit. 
9.  Cells with specific eosinophilic granules are  found indiscrimin- 
ately in lymph nodes but  are  usually much more  abundant in  the 
mediastinal group. 
It should be mentioned here that studies have been made on the 
lymph nodes of very young rabbits within the first hours after birth to 
determine if monocytes were then present or if they appeared during 
the  course  of extrauterine development.  In  these  experiments  the 
same relationships have been found in the new-born with regard to 
the monocytes, as exist in the adult animal. 
Correlation  of the  Supravital  Studies with Those  on  Fixed  Tissue. 
Lymph nodes in the rabbit vary markedly in size with the color of 
the animal but their fundamental histology is quite uniform.  In our 
experiments it has usually been the gray rabbit of about 2 to 3  kilo- 
grams in weight which possesses the largest nodes. 
The Lymph Node Follicle. 
The follicle  of the lymph node contains small lymphocytes in great abundance, 
packed closely about the germ center of Flemming (20).  Mixed  in with these 
small cells there are many cells with a slightly larger nucleus and somewhat more 
cytoplasm.  These larger cells, however, are much more abundant in the germ 
center itself.  With Giemsa stain many of them have a very dark purple cyto- 
plasm (Fig. 19).  Sections  stained with hematoxylin and eosin demonstrate them 
as large, pale cells (Fig. 20).  These elements in our interpretation are very early 
cells from which the lymphocytes develop.  They probably correspond to  the 
primitive  cell (Fig. 12), as  previously described.  The  nucleus has  a  diffuse 
chromatin network and a conspicuous  nucleolus.  This primitive cell,  or so called 
"germ center cell," is not exclusively  found in the germ centers.  Cells  in every 
way identical with it are often scattered in the periphery of the follicle  and in the 
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In the germ center  one can see cells  with  hematoxylin and  eosin  which are 
apparently transitional in type from the primitive cell with pale, undifferentiated 
cytoplasm and small nucleolus to the intermediate and large lymphoid cells  with 
basophilic cytoplasm and a larger nucleolus.  In this area mitotic figures are more 
common than anywhere else in the lymph node but they do not occur exclusively 
here.  Dividing cells may also be seen in the cortex of the follicle, in the peri- 
follicular tissue, and even in the medullary portion of the node. 
In some cases we have seen tremendous numbers of eosinophils in lymph nodes 
without any adequate pathological explanation.  In one instance the germ center 
was packed with these cells.  Also it has been noticed that in  certain superficial 
nodes some follicles  are composed almost exclusively of monocytes (Figs. 15,  17, 
and  18).  These  observations  are  readily  interpreted  under  the  view  that  the 
primitive cell of the germ center is multipotential. 
In sections stained with Giemsa and with hematoxylin and eosin, these rosette 
cells  are much paler  than  the lymphocytes (Figs.  17  and  18).  The nuclei are 
usually larger and are often indented and elongated.  There is usually no nucleolus 
and the chromatin is small in amount and diffusely scattered.  The  cytoplasm is 
very slightly basophilic and contains no stainable granules.  These cells are two or 
three times the size of small lymphocytes.  They are not uniformly scattered but 
tend to be abundant in some areas and  scarce in others.  They are often found 
around the periphery of the follicle and sometimes along the endothelium of the 
lymph sinuses but most of the cells do not appear to have any definite relationship 
to endothelium. 
The Lymph Cords. 
The lymph cords are composed chiefly of clasmatocytes, endothelial cells,  small, 
intermediate,  and large lymphoid cells.  The  clasmatocytes contain phagocytic 
granules which stain green with Giemsa and yellowish brown with  hematoxylin 
and eosin.  These cells are usually in close relationship with the sinuses but may be 
found in areas independent of the lymph channels.  In the mesenteric lymph nodes 
the clasmatocytes or macrophages are found in excessive numbers,  almost exclu- 
sively in the medullary cords (Fig.  16).  They are  filled  with  coarse  granular 
drbris.  Small, intermediate,  and large lymphocytes in all stages of development 
are found but in much fewer numbers than in the  cortex of the node.  One also 
finds occasional primitive cells and in the superficial nodes occasional monocytes in 
the cords.  The other types of cells which were described in the supravital prepara- 
tions were not distinguishable in the fixed tissues because of the close approxima- 
tion of the cells and the changes caused by fixation. 
Thymus and Spleen. 
In this communication no discussion will be given of the histology 
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cytes do not occur normally in these organs.  Table II shows briefly 
data  concerning  the  cellular  cofitent  of these  organs.  The thymus 
contains almost exclusively small cells which look like lymphocytes. 
There are no definite germ centers and very few specific granular  cells 
and clasmatocytes.  The spleen contains an abundance of red blood 
cells, clasmatocytes, primitive cells, and lymphoid cells, chiefly small 
lymphocytes.  In  the  spleen  are  also  found  all  of  the  cellular 
elements  of  the  blood, including  basophils, eosinophils, neutrophils, 
and monocytes. 
Lymph. 
This study has included observations on the lymph of the thoracic 
duct and of the efferent lymphatic vessels of superficial nodes.  These 
superficial nodes were known to contain an abundance of monocytes. 
The fluids contained almost exclusively lymphocytes, with no greater 
proportion of monocytes than could be accounted for by contamina- 
tion with blood.  These facts would indicate that monocytes of lymph 
nodes do ni~t enter the blood stream through  the lymphatic vessels, 
but probably do so by their own motility in much the same manner as 
the granular leucocytes leave the bone marrow. 
DISCUSSION. 
The  application  of  the  supravital  technique  to  the  study  of  all 
of the lymph nodes of many rabbits has thrown new light on the much 
discussed question of the origin and development of the monocyte in 
this  animal.  In  the  circulating  blood of the  rabbit these  cells  are 
present in small numbers  (4 to 8 per cent) and because of their rela- 
tively small numbers and their obscure origin, the life history of this 
cell has not been unraveled. 
Ehrlich (21, 22) held the view that these cells, which he termed "transitionals," 
were intermediate  types in  the development of the  polymorphonuclear  cells. 
This view was adequately refuted by the application of the Romanowsky type of 
stain to blood cells.  Schilling-Torgau (23, 24) described the monocyte as making 
a third strain of white cells of the blood distinct from leucocytes and lymphocytes. 
Naegeli (25) believes the monocyte to be of myeloid origin.  He observed cells of 
human cases in which the myeloid or lymphoid elements were specifically  elevated 
or depressed, and found that the monocytes followed the myeloid elements in the CLAUDE  E. FORKNER  339 
fluctuations.  Naegel~ believes that the origin of monocytes from the lymphatic 
system was  entirely  disproved  by the  work  of  his  pupil  Lejeune  (26),  who 
found no monocytes in  the  thoracic  duct.  This  absence  of monocytes in  the 
thoracic  duct had been demonstrated before by Patella (27), Crescenti  (28), and 
others using fixed tissues for their studies.  More recently the supravital technique 
has been applied to the study of thoracic duct lymph by Simpson (13), Thorne and 
Evans (29), and by  Kindwall  (30).  They have confirmed  the findings  of the 
former  investigators.  Thome and Evans (29) concluded  that if monocytes are 
produced in lymph nodes, their rate of production is insignificant.  They believed 
that monocytes and lymphocytes are not closely related cell types. 
Y~llum and Forkner (31), in studies on experimentally produced leucocytoses in 
rabbits, observed that the monocytes  of the blood behaved independently  of the 
lymphoid and myeloid strains in their fluctuations.  Klein (32) agrees with Naegeli 
that the transitionals  and large mononuclears of Ehdich are derived from myelo- 
blasts.  His evidence  was based  on the study of the blood in cases of chronic 
myeloblastic  leucemia.  Pappenheim  (33) and  Pappenheim  and  Ferrata  (34) 
believe  in  a  close interrelationship  of the mouocytes and lymphocytes.  Their 
evidence is based largely  on morphological grounds.  Pappenheim believes that 
both monocy~es  and leucoblasts are derived from the cells which he calls lymphoido- 
cytes.  On  a  morphological  basis  Bergel  (35), Downey and  Weidenreich  (6), 
Hirschfeld  (36),  Maximow  (37), and  others  consider  that  the  monocytes are 
derived directly from the lymphocytes.  Their arguments have been based largely 
on the character of the granules and nuclear structure.  Rhoads and Parker (38) 
examined lymph nodes of rabbits by the  supravital  technique,  but  did  not find 
monocytes.  However,  with incubation  of pieces of spleen, bone marrow,  lung, 
lymph node, and subcutaneous tissue of these animals, they found cells of both the 
rosette and non-rosette types in the cultures. 
Mallory (39, 40) has called attention to the proliferation  of endothelium  and 
formation of  "endothelial  leucocytes"  in  certain  diseases.  He  identifies these 
cells with the monocytes of the blood and believes the monocytes are endothelial  in 
origin.  McJunkin (2) believes the monocytes have their origin from the "reticular 
lymph vessel endothelium."  His conclusions are based on studies of sections  of 
lymph nodes which had first been injected  with neutral red in the living  animal. 
Tiirk (41) and others are emphatic in their belief that the monocytes arise from 
the spleen.  Cunningham,  Sabin, and Doan (1), in material from punctures of the 
spleen, found from 15 to 20 per cent of cells which  they identified  as young and 
adult monocytes.  It was their opinion that the monocytes are in large measure 
derived from the spleen. 
Simpson (13) found in animals vitally stained with Niagara blue that the lymph 
of the thoracic duct always carried a fair number of unmistakable  macrophages. 
Her conclusion was:  "It would appear that we cannot have in the lymphatic gland 
a source of monocyte production and yet this is nevertheless one of the most active 
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The facts obtained in these studies show that much of the confusion 
in the study of lymph nodes has been due to normal, but unrecognized 
histological differences in lymph nodes of different areas of the body. 
It is no longer possible to draw conclusions from work in which the 
specific lymph nodes studied are not reported, because of these striking 
cytological differences.  Practically  all  of the morphological, tissue 
culture, and other published experimental work on lymph nodes has 
been recorded without cognizance of this fact.  The present studies 
confirm the findings of Cunningham, Sabin, and Doan (1) that mono- 
cytes are not found in the mesenteric nodes.  They also confirm the 
report of McJunkin (2) that monocytes are found in the iliac, inguinal, 
and axillary nodes.  However, the conclusions of McJunkin (2) that 
monocytes are found in lymph nodes generally are not supported. 
In the present studies the spleen and bone marrow have been ob- 
served consistently in supravital preparations.  Both of these organs 
undoubtedly contain monocytes, but the  typical developing mono- 
cytes, such as are found in the superficial lymph nodes, have not been 
discovered in the spleen.  The cells found in the  normal spleen  in 
this series of animals were of the adult type encountered in the blood 
and were not greater in proportion to the other white blood cells than 
can be accounted for by a  faltering out process.  This confirms the 
reports of Naegeli (25) and of Pappenheim and Fukushi (42).  From 
this study it cannot be definitely ascertained whether the bone marrow 
normally is  an  active  site  of formation of monocytes.  Cells have 
been found in this organ which conform closely in morphology to the 
monocytes of the lymph nodes.  These cells, however, are difficult to 
separate from the early myelocytes.  The cells in the marrow which 
are  unquestionably  developing monocytes  are  exceedingly  few  in 
number. 
In certain pathological states it has been shown by Sabin and Doan 
(18),  by  Doan  and  Sabin  (43),  and others that  the bone marrow, 
spleen, omentum, mesenteric lymph nodes, and other organs may be 
the site of active proliferation of monocytes.  It seems reasonable to 
believe that under abnormal conditions the mesenteric lymph nodes, 
spleen, and other organs where multipotential cells exist might well 
take over the function of forming monocytes. 
I  should like also to point out that the relative absence of develop- CLAUDE E. FORKNER  341 
ing monocytes, and the great numbers of clasmatocytes in the mesen- 
teric lymph nodes might be due to a purely physiological response. 
The mesenteric lymph nodes have an intimate relation to the gastro- 
intestinal tract and are therefore concerned with the products of di- 
gestion and of metabolism.  This relationship may possibly explain 
the striking histological differences which exist and which make the 
mesenteric lymph nodes and the peripheral lymph nodes structurally 
and functionally two different organs. 
SUMMARY  AND  CONCLUSIONS. 
1.  Lymph nodes from all parts of the body have been studied in a 
series of 58 rabbits.  All of these studies have been on normal ani- 
mals or on animals in which there were no specific pathologic lesions 
of the lymph nodes. 
2.  The supravital methodof studying living cells has been employed 
together with  the method of  fixed  sections.  A  correlation  of the 
findings with these two methods is made. 
3.  Lymph nodes from different parts of the body possess marked 
differences in their cytology. 
4.  Developing monocytes have been found as normal constituents 
of all the lymph nodes of the rabbit except the mesenteric mass lying 
in the mesentery at the lower border of the stomach.  When present 
the monodytes occur in varying numbers being most abundant in the 
more superficial nodes, particularly in the popliteal group, where they 
may constitute one-third to one-half of the total cells present. 
5.  The position of the developing monocytes in the lymph node is 
believed to be chiefly in the perifollicular area without definite rela- 
tionship to the lymph sinuses.  In some instances they are also found 
in the follicle itself or scattered in the medullary area.  More accurate 
knowledge on this point must await further study. 
6.  During the first hours of life the monocytes are present in the 
lymph nodes in the same relationship as in the adult animal. 
7.  The monocytes are noi normally present in  the efferent lym- 
phatics draining the popliteal nodes and are not normally present in 
the thoracic duct.  It is suggested that the monocytes being extra- 
vascular in origin, enter the blood stream by means of their own mo- 
tility in much the same manner as the granular leucocytes gain ad- 342  MATERIAL FRO]~ LYM~PH NODES.  IV 
mission to  the  circulating blood.  Unequivocal proof of this point 
can be obtained only by further investigation. 
8.  Many of the lymphoid cells of the lymph nodes have shown a 
definite division of cytoplasm into  ectoplasm and  endoplasm. The 
mitochondria and neutral red bodies are sharply limited to the less 
basophilic endoplasm. 
9.  Eosinophils are found in great numbers in the mediastinal lymph 
nodes and are less numerous in the mesenteric and superficial nodes. 
10.  Clasmatocytes are found in great numbers in the mesenteric 
lymph nodes where they are concentrated particularly in the medul- 
lary  areas.  They are  also present in  the" spleen.  They are much 
less numerous in other lymphoid tissue. 
11.  Several  cell  types  not  previously described are  found to  be 
normal constituents of a  large percentage of normal rabbit  lymph 
nodes. 
12.  Primitive cells are found throughout the lymphoid tissue, but 
are in greater numbers in the area of the germ center of the follicle. 
13.  No evidence of erythropoiesis could be found in normal lymph 
nodes. 
14.  The spleen and bone marrow in this series of animals have not 
been normally concerned to any significant degree in the formation 
and development of monocytes. 
15.  Further experiments are necessary to demonstrate conclusively 
whether or not the lymph nodes, other than the mesenteric group, 
are normally the exclusive source of the monocytes of blood. 
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EXPLANATION  OF PLATES. 
PnATE 21. 
FIG. I. Small lymphoid cell  from mesenterlc lymph node.  Rabbit  164  B. 
Supravital  preparation  with neutral  red  and Janus green.  There is  a slight  yellow- 
ish  tinge  to  the  cytoplasm.  No mitochondria or  neutral  red bodies  are  stained. 
FIc. 2. Large lymphoid cell from mesenterlc lymph node.  Rabbit 164 B. 
Neutral  red and Janus green stain. Note ectoplasm  and endoplasm.  Mito- 
chondria are stained  bluish  green and are limlted to endoplasm.  Endoplasm is 
hazy in  appearance, whereas ectoplasm is  dear and  glassy. 
FIG. 3. Young monocyte from inguinal  lymph node of Rabbit 27 B.  Neutral 
red stain.  Cell  has two nuclei  and one small rosette  of segregation  bodies around 
the  centrosphere.  Note hazy appearance of  the  cytoplasm. 
FIG. 4. Monocyte from popliteal  lymph node of Rabbit R  621.  Neutral red 
and  Janus  green  stain.  Indented nucleus and neutral red rosette.  Mito- 
chondria around periphery  of  rosette,  stained  with Janus green. 
FIG. 5. Same as Fig. 4. Oval nucleus with rosette  overlapping one border of 
nucleus.  Three small,  refractive  vacuoles,  unstained,  are  beginning to develop in 
cytoplasm. 
FIG. 6. Monocyte from popliteal  node of Rabbit 92 B.  Neutral red stain. 
Segregation granules are larger  and are yellowish brown in color. This cell  is 
closely  packed, causing  the  approximately rectangular  shape. 
FIG. 7. C1asmatocyte  (macrophage)  from mesenteric lymph node of Rabbit 
92 B.  Neutral red stain.  Notice the irregularity  in size  and shape of vacuoles 
which are  arranged in  no definite  pattern in  cytoplasm.  Note also the different 
colors of the different vacuoles. 
Fro. 8.  Multinucleated giant cell with a single rosette from superficial axillary 
lymph node of Rabbit 32 B.  Neutral red stain.  These cells may possess from 
one to several nuclei. 
FrG.  9.  Epithelioid cell  from  retroperitoneal lymph  node  of  Rabbit  32  B. 
Neutral red stain.  This cell is very similar to the monocytes of lymph nodes.  It 
represents the same strain of cells.  It is probably a monocyte with a  hypertro- 
phied rosette. 
FIG. 10.  Giant cell containing many irregular granules and numerous elongated 
rod- or sickle-shaped bodies in cytoplasm.  From popliteal lymph node of Rabbit 
38 B.  These cells may have one or several nuclei.  Cytoplasmic structures stain 
only with heavy conc~ntratlon of dye. 
FIG. 11.  Giant cell with bodies like blood platelets in cytoplasm.  These were 
found in only one animal. 
FIG. 12.  Primitive cell from spleen of Rabbit 53 B.  Neutral red stain.  Notice 
relatively little differentiation of cell.  Nucleus has large nucleolus.  No  cyto- 
plasmic structures could be discerned.  A small lymphocyte has been sketched for 
comparison of size. CLAUDE E.  FORK_N'ER  345 
PLATE 22. 
FIO. 13.  Group of monocytes and epithelioid cells from popliteal  lymph node of 
Rabbit 51  B.  Magnification  ×  1000.  A few lymphocytes can be seen in the 
photograph.  Cells stained  with  neutral  red.  Notice  the  heavy  rosettes  of 
neutral red granules. 
FIG. 14.  Clumps  of giant cells containing  granules  and rod- or sickle-shaped 
bodies in cytoplasm.  Supravital film with faint neutral red dye.  Magnification 
×  1000.  One of these  cells was  drawn and is  illustrated  in  Fig.  10.  Notice 
lymphocytes  near the giant cells. 
PLATE 23. 
FIG. 15.  Two follicles from superficial axillary  lymph node of Rabbit R  452. 
Hematoxylin  and eosin.  Magnification  X  450,  Note the follicle on the right. 
It is composed almost exclusively of monocytes which are very much larger  and 
paler than the lymphocytes  of the other follicle. 
FIG.  16.  Mesenteric  lymph node of Rabbit  R  452.  Magnification  ×  450. 
Giemsa stain.  The node  is not homogeneous.  The cortex  (left side of figure) 
contains  almost  exclusively lymphoid cells.  The sinuses  and lymph cords  are 
crowded with clasmatocytes  (macrophages).  These latter cells are shown lining 
the sinuses and scattered in the paxenchyma of the node.  They contain numerous 
vacuoles in their cytoplasm. 
PLATE 24. 
FIG. 17.  Higher magnification of the follicle on the right of Fig.  15.  A follicle 
composed almost exclusively of monocytes.  Giemsa stain."  Magnification ×  1000. 
Note the large, pale  monocytes in contrast  to  the heavily stained  small  lym- 
phocytes. 
FIG. 18.  Same as Fig. 17.  Hematoxylin and eosin stain.  The character of the 
nuclei of the monocytes can be more clearly seen than with Giemsa stain.  The 
monocytes  show much less basophilia than germ center cells or young lymphocytes. 
FIG. 19.  Germ center cells of pelvic  lymph node.  Rabbit R  452.  Giemsa 
stain.  Magnification  ×  1000.  Note particularly the very heavily stained,  baso- 
philic cytoplasm  of the large germ center cells. 
FIG. 20.  Same as Fig.  19.  Hematoxylin and eosin stain.  Note the paleness 
of the cells with this stain.  Contrast germ center  cells  of Figs. 19 and 20 with 
the monocytes  of Figs. 17 and 18. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XLIX.  PLATE  21. 
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